Sources of growth in East Asia have been a controversial subject in the literature. This necessitates more empirical studies to see whether there is more convergence to a particular view of the sources of growth. This study provides a comprehensive examination of sources of growth that allows one to decompose total factor productivity growth, separating out technical efficiency changes from technological progress. This paper applies a varying coefficients frontier production function model to data from 20 manufacturing sectors at the 3-digit SIC level to examine the sources of growth in four East Asian economies. The economies are Hong Kong, Singapore, Japan and South Korea, and the period covered is 1987-93. We find that while there is ample evidence of the importance of increasing inputs in growth, and there is some support for technical efficiency change, or catching up to the frontier over this period, there is weak or even negative evidence for the role of technological progress, measured as a shift in the estimated production frontier.
Introduction
In the 1980s and early 1990s, several East Asian countries achieved seemingly miraculous growth, dramatically changing the standard of living of people in these countries. As a result, debates on the sources of high and sustained economic growth in economies such as Hong Kong, Singapore, South Korea and Japan have increasingly attracted the attention of economists around the world. While the recent financial crisis in East Asia has shifted attention to short run problems, understanding the sources of East Asia's growth remains critical for the long run welfare in the Pacific Rim.
Many studies of East Asian economies have been conducted recently. To mention a few, the World Bank (1993) and Hughes (1995) investigated the role of public policy in economic development, particularly of East Asia; Kim and Lau (1994) , Young (1992 Young ( , 1995 and Krugman (1994) emphasized the crucial role played by capital accumulation in the high performing East Asian economies; Trieu (1997, 1999) focused more on the contribution of technological change to East Asian growth. However, in the above studies, there is an implicit assumption that the economies are producing on their frontiers with full technical efficiency and there are no gaps between actual and potential outputs. This further implies that the economies have been applying the best practice techniques of their relevant chosen technologies.
If the production process were simply the engineering relationship between a set of inputs x it and observed output y it , then a well-defined production function would describe the process accurately and any variation in inputs would result in a corresponding change in output.
However, in reality, observed output is often the result of a series of economic decisions, which influence the method of application of inputs, and so the variables associated with the relevant economic institution will also play an important part in an economy's output. For this reason alone, some economies may be producing not on but inside the frontiers with an actual gap between 'best practice' techniques and realized methods of production owing to the negative effects of non-price or organizational factors. The objective of this paper is to examine, compare and identify the sources of productivity performance and economic growth in East Asia, incorporating the reality of the existence of the above discussed 'output gap' and to draw possible policy implications for reforming economies and other countries in the Pacific Rim and elsewhere. In this paper, we focus on four economies: Hong Kong, Japan, Singapore and South Korea. We use data for the period 1987-93. In work in progress, we are extending the results of this paper to include Taiwan, and to significantly longer time periods.
The structure of the paper is as follows. Section 2 briefly discusses the conclusions of some of the important studies on the East Asian growth. The methodology followed in this paper is explained in Section 3. Section 4 gives a description of the data used, and an overview of the performance of the economies studied, during the period that we analyze. In Section 5, we present the empirical results for the case where we analyze each economy individually. Section 6 provides an alternative analysis, where we organize the data by sectors, pooling observations across economies. The final section summarizes out the overall conclusions of this study.
TFP Growth in East Asia
There are many studies on TFP growth in East Asia, and we discuss just a small sample here. Felipe (1999) provides a critical survey of some of the literature. We discuss the following studies: Young (1992 Young ( , 1994 Young ( and 1995 , Kim and Lau (1994) , Fischer (1993) , Marti (1996) , Collins and Bosworth (1997) , Singh and Trieu (1999) , Hayami and Ogasawara (1999) and Sonobe and Otsuka (2001) . The methodology that has been followed by most studies is the growth accounting method (a translog production function under the assumption of constant returns to scale and perfect competition). All these studies mentioned with the exception of Sonobe and Otsuka measure TFP growth as a whole, and are unable to decompose it into efficiency change and technological progress. Most of these studies show that output growth in East Asia since the 1960s can be accounted for chiefly by input growth in physical or human capital and labor, with little left over to be attributed to technological change. Such results would therefore imply that the TFP growth performance in this region does not seem to be outstanding compared to the rest of the world. We next discuss some of the studies in more detail. Young (1992) used the growth accounting approach to estimate TFP growth for Singapore and Hong Kong. He concluded that the average value of the Solow residual for Singapore was zero, if not negative, for the previous thirty years. The TFP contribution to output between 1974 and 1989 was about -0.004% to -6% without allowing for heterogeneity in inputs, or -8% from 1970 to 1990 with differentiated inputs. Capital accumulation explained essentially all of the increase in output per worker during this period. Negative TFP contribution was also found in the manufacturing sector (Young, 1995) . For Hong Kong, on the other hand, TFP contributed about 30% to 50% of output growth. Young (1995) extended his earlier work to include the economies of South Korea and Taiwan as well. He found positive rates of productivity growth for . For Korea, the annual contribution of TFP for the overall economy for the period 1966-1990 was 16.5% of overall growth. For the manufacturing sector, it accounted for 20% of overall growth of the sector. Young (1994) used an alternative estimation method to calculate TFP growth for Hong Kong and Singapore. He regressed the output growth rate per worker on a constant and the growth of capital per worker for the period 1970-1985 using cross-country data constructed from the Penn World Tables. The capital stock was constructed by the perpetual inventory method with the accumulating investment flows for 1960-1969 as benchmark, and 6% depreciation rate.
These results were consistent with his others, in that TFP growth in Hong Kong was high and nonexistent in Singapore. Fischer (1993) used the growth accounting method to estimate three sets of TFP growth rates, each with a different weight for labor and capital, on data from the Penn World Tables. Again he obtained a negative TFP growth rate for Singapore. Marti (1996) examined Young's (1994) results with slightly fewer countries but more periods than Young's data set, again using the Penn World Tables. She obtained a positive TFP contribution to the growth rate for Singapore. Kim and Lau (1994) used a fixed effect model combined with a meta-production function approach, which was first discussed by Hayami and Ruttan (1985) , for pooled data across countries for Japan, Hong Kong, South Korea, Singapore, Taiwan and some other countries.
They found that for data from the mid-1960s to early 1990s the null hypothesis that the TFP growth rate for Hong Kong, Singapore, Korea and Taiwan was zero could not be rejected. Singh and Trieu (1999) analyzed data for Japan, South Korea and Taiwan by the growth accounting approach and found a positive and significant role of technological change in these economies' growth. They found that Japan had the highest TFP contribution to output growth 6 over the period , 44% of the output growth. Korea had 42% TFP contribution to output growth. Collins and Bosworth (1997) also obtained positive results of TFP growth for Eastern Asian economies using growth accounting for a large set of countries. They concluded that TFP growth rate was positive in East Asia, but not extraordinary high compared to that of other regions. Further, factor accumulation was more important to the output growth over period 1965-1990. Using historical data from the United States and Japan combined with the growth accounting method, Hayami and Ogasawara (1999) showed that the contribution of TFP growth was small in the early stages of economic development before the improvement of human capital in later periods. The study by Sonobe and Otsuka (2001) is different from the above studies in the sense that they decompose the overall labour productivity growth into the effect of overall capital accumulation and the effect of overall TFP growth. Nevertheless, they used the growth accounting approach.
Empirical Methodology
A variety of techniques have so far been developed to measure total factor productivity growth under different assumptions (Fried, Lovell and Schmidt, 1993) . With the realistic assumption that there is significant output gap in the East Asian economies, the objective here is to decompose output growth into growth due to input growth, due to changes in the output gap, and due to technological progress. Nishimizu and Page (1982) attempted such a decomposition to examine total factor productivity growth in Yugoslavia for the period 1965-1978. They used a deterministic frontier production function approach, which does not allow various statistical testing of hypotheses concerning productivity. A recently developed technique, the varying coefficient production frontier approach, facilitates statistical testing of hypotheses along with analysis of total factor productivity growth by isolating the catching up to the production frontier (reductions in the output gap) from shifts in the production frontier (technological progress) (Kalirajan and Obwona, 1994) . Applying this method to the industry level means that, an industry obtains its full technical efficiency without any output gap by following the best practice techniques given the technology. In other words, technical efficiency is determined by the method of application of inputs in industries, regardless of the levels of inputs (that is, scale of operation). This implies that different methods of applying the same inputs will influence the output differently, and the slope coefficients will vary from sector to sector. This varying coefficient production frontier approach is an improvement over the conventional constant-slope production frontier approach to measuring technical efficiency (Aigner et al, 1977; Meeusen et al, 1977) .
The distinction between technical efficiency change that arises due to variations in the method of application of inputs and technological progress in the varying coefficient approach offers an additional important dimension to the policy relevance of total factor productivity studies. Technical efficiency change measures whether the output gap between "best practice" techniques and realized production methods is diminishing or widening over time: this effect can be substantial, and may outweigh gains from technical progress itself. It is, therefore, important to know how far one is off the production (technology) frontier at any point in time, and how quickly one can reach the frontier. For instance, in the case of developing economies that borrow technology extensively from abroad, failure to acquire and adapt new technology will be reflected in the lack of shifts in the frontier over time. Technological progress, on the other hand, measures the movement of the production or technology frontier over time. It reflects the success of explicit policies to facilitate the acquisition of foreign technology, and can be interpreted as providing a measure of innovation.
The decomposition of total factor productivity growth into technical efficiency change (output gap changes or catching-up) and technological improvement is, therefore, useful in distinguishing innovation or adoption of new technology by "best practice" industries from the diffusion of technology. Co-existence of a high rate of technological progress and a low rate of change in technical efficiency may reflect failures in achieving technological mastery or diffusion.
A brief explanation of the varying coefficient frontier approach is given below. Using the varying coefficient model, the frontier coefficients are obtained and the time-and countryspecific potential outputs are calculated. Then, the extent of the output gap is determined.
Finally, output growth is decomposed into growth rates due to technical efficiency change, technological improvement and input contribution. It should be noted here that both technical efficiency change and technological improvement are examined for a given level of inputs.
The Varying Coefficients Stochastic Frontier model
Assuming a Cobb Douglas production technology, the varying coefficients stochastic production frontier can be written as follows:
(1)
where α α 
Following the estimation procedures suggested by Hildreth and Houck (1968) , the mean response coefficients ( α 's) and the variances (σ ukk ) can be estimated and the individual response coefficients ( α ki 's) can be obtained as described in Griffiths (1972) . Drawing on Kalirajan and Obwona (1994) , the assumptions underlying model (2) are as follows:
(i) Technical efficiency is achieved by adopting the best practice techniques, which involve the efficient use of inputs. Technical efficiency stems from two sources: (1) the efficient use of each input which contributes individually to technical efficiency and can be measured by the magnitudes of the varying slope coefficients, α ki 's; and (2) any other firm-specific intrinsic characteristics which are not explicitly included may produce a combined contribution over and above the individual contributions. This 'lump sum' contribution, if any, can be measured by the varying intercept term.
(ii) The highest magnitude of each response coefficient and the intercept form the production coefficients of the potential frontier production function. Let (α * 's) and ( γ * 's) be the estimates of the coefficients of the frontier production function, that is,
. .,N and j = 2,...,T. Now the potential frontier output for individual observations can be calculated as
where X kit is the actual level of the k th input used by the i th firm in period t. A measure of technical efficiency denoted by, say, E, can be defined as
where the numerator refers to the realized output and the denominator shows the potential frontier output calculated from (3).
Decomposition of TFP growth
Figure 1, which is in logarithms, illustrates the decomposition of total output growth into input growth, technical progress and technical efficiency improvement (Kalirajan, Obwona and Zhao, 1996) . In periods 1 and 2, the firm faces production frontiers F 1 and F 2 respectively. If a given firm has been technically efficient, output would be y l * in period 1 and y 2 * in period 2. On the other hand, if the firm is technically inefficient and does not operate on its frontier, then the firm's realized output is y 1 in period 1 and y 2 in period 2. Technical inefficiency is measured by the vertical distance between the frontier output and the realized output of a given firm, that is, TE1 in period 1 and TE2 in period 2, respectively.
Hence, the change in technical efficiency over time is the difference between TE1 and TE2.
Technological improvement is measured by the distance between frontier F 2 and frontier F 1 , that is, (y 2 * -y 2 **) using x 2 input levels or (y l **-y l *) using x 1 input levels. Denoting the contribution of input growth to output growth (between periods 1 and 2) as ∆y x , the total output growth, (y 2 -y l ), can be decomposed into three components: input growth, technological progress and technical efficiency change.
Referring to Figure Solow (1957) attributed output growth to input growth and technical change. The decomposition in (5) enriches Solow's dichotomy by attributing observed output growth to movements along a path on or beneath the production frontier (input growth), movement toward or away from the production frontier (technical efficiency change), and shifts in the production frontier (technological progress).
Data
The economies examined are Japan, Hong Kong, Singapore, and Korea. The data are mainly from various years of the United Nations publication, Industrial Statistics Yearbook. For each economy, twenty manufacturing sectors (which have no missing data for all the four economies) are used. The sectors and there SIC classification numbers are listed in Table 1 . The data series are value added and fixed capital formation, measured in local currency units, and employment, measured in numbers. The series of value added and fixed capital formation are at current prices, so we apply GDP deflators to convert these series into constant price based on year 1985. GDP deflators for Hong Kong, Singapore, Korea, and Japan are from the IFS database. For cross-country estimates, we convert the local currency measures to a common unit, US dollars, using exchange rates from the IFS database. Following Jorgenson, Gollop and Fraumeni (1987) , the existence of a value added function in the production process described by the production function could be tested employing linear and non-linear separability conditions. The present study confines itself to the linear separability case only. Consequently, the value added function has been selected for further analysis. We use value added in producer prices for Hong Kong, Japan and Korea, and value added in factor prices for Singapore.
For the regression of the varying coefficient model, the net value added is the dependent variable for each sector, and capital stock and employment are the independent variables. Our sample covers the period from 1987 to 1993. We have used the perpetual inventory method to construct the capital stock, with 1978 as the benchmark, under 0% depreciation and 5% depreciation, i.e.,
where K it is capital stock of sector i at period t d i is depreciation rate of sector i I it is capital formation in sector i at period t.
To give an idea of how the four economies were doing during the period analyzed, Table   2 shows the GDP growth rates during 1987 to 1993. Note that Japan's growth rate has been decreasing significantly after 1990. Hong Kong's growth rate has been relatively stable after 1987, though there was a dip in 1989-90. Singapore's growth rate has been quite strong during the period, and Korea's was showing a decreasing trend over this period, though the rate has been still high. To see how closely the manufacturing sectors of the four economies were integrated with each other during the period, we calculated pairwise simple correlations of the sectoral growth rates, as reported in Table 3 . A positive correlation coefficient indicates that the manufacturing sectors of the two economies were, on balance, moving in step during in that year. The 22 of the 36 positive correlation coefficients may not provide any overwhelming evidence that these four economies moved together. In particular, short run changes in manufacturing in the three smaller economies do not seem to be influenced heavily by changes in Japan. While the four economies all had positive growth during the years that we analyze, some of their manufacturing sectors were shrinking during this time. Negative growth rates will require that our results be interpreted with some care. We will return to this issue in Sections 5
and 6, when we present our results. Here we note that the issue is particularly relevant for Hong
Kong after 1989, with at least half of the sectors having negative growth rates of value added during 1989-90, 1990-91 and 1992-93 . The negative growth rates make the decomposition meaningless. A similar problem occurs for Japan during 1991-92 and 1992-93, with negative growth rates in at least half the sectors. Korea and Singapore's output growth rates are in large part positive for the entire sample periods. In the case of inputs, both employment and the constructed capital stock measure showed increases in the vast majority of sectors and years in each country.
Results: Single Country Regressions
Before presenting the results of this section, we offer some clarification on possible interpretation of the varying coefficients frontier production function estimates. It is worth noting that the frontier production function is similar to the Meta production function. In both cases, a micro concept has been used to a macroeconomic analysis. In the varying coefficients frontier production function approach, sector specific production characteristics are modeled by allowing variations in the production coefficients across manufacturing sectors within a country.
However, a Cobb Douglas framework models the production technology. If one sector is on the frontier and another is below it, this obviously is not the result of differences in efficiency at the sectoral engineering level. Nevertheless, we can interpret the sector that is below the frontier as being less efficient in the sense that its ability to create value added from its given inputs of capital and labor is lower than another sector.
We estimated frontier production functions for each economy for each of the seven years, 1987-93 inclusive. Using these estimated frontiers, we carried out productivity decompositions, as illustrated in Figure 1 , using all possible pairs of years. Hence, the decompositions were performed for time spans of one, two, three, four, five and six years. The results were not significantly affected by assuming either a 5% depreciation rate or 0% depreciation rate. Here we report only the results for a 0% depreciation rate. Since results for shorter periods are less likely to reflect factors that determine long run growth patterns, we report results only for four, five and six year spans. For four-year and five-year spans, we report only the number of positive signs out of twenty sectors. For the full six-year span, we report the detailed results.
Before we look at the results by economy, we note that in many cases measured contributions are negative. The possible interpretations of negative changes need some elaboration. High technological progress can plausibly coexist with deteriorating technical efficiency, due to failures in achieving technological mastery or due to adjustment costs in the face of quasi-fixed vintages of capital. On the other hand, negative estimated technological change is harder to interpret. The explanation we offer is that shifts in industrial policy or market
conditions may be what are reflected in inward shifts of the estimated frontier, rather than technological regress in a pure engineering sense.
We next present the results for the four economies, in alphabetical order: Hong Kong, Japan, Singapore and South Korea.
(1) Decomposition results for Hong Kong
Over the period of analysis, several components of Hong Kong's manufacturing sector were shrinking, complicating the interpretation of our estimates. Looking at four and five year spans in Table 4 , we can see that the majority of sectors had negative growth rates. In most cases, with the exception of 1989-93, estimated contributions of technical efficiency change (TEC) were almost always negative, and outweighed the positive contributions of technological progress (TP), leading to negative TFP growth. These results are somewhat surprising, since they would be consistent with the kind of story that Young has sought to tell for Singapore, as an economy trying to push out its frontier too quickly to allow efficiency to keep up. The decomposition results for 1987-93 are presented in detail in Table 5 . The results in Table 5 are quite consistent with the story we have just outlined above.
Technological progress has a positive contribution in 14 of 20 sectors, while technical efficiency change is negative in every single sector. The sum of these, or what is usually termed TFPG, is negative in every case. Again, it must be noted that 12 of the 20 sectors recorded negative changes in value added over the period, and this means that the results for Hong Kong must be viewed with great caution. 
(2) Decomposition results for Japan
Results for Japan are presented the same format as those for Hong Kong, in Tables 6 and 7 . Table 6 reports signs of the components of the decomposition, for four and five year spans, while Table 7 gives detailed results for the six-year period, 1987-93. The estimated production frontier coefficients for Japan were quite plausible and stable, and suggest close to constant returns to scale. In Table 6 , almost all the input contributions to growth are positive for the different time spans. Technical efficiency changes are almost all positive as well. However, technological progress estimates are mostly negative. Furthermore, the magnitudes of the technical efficiency changes are small in general compared to those of technological progress, and therefore TFP growth rates are almost all negative. Table 7 shows similar results for the full six-year time span.
Thus, this estimation technique suggests that Japan's economic growth in these sectors for the period of analysis was mainly attributable to inputs growth. Drawing on Abramovitz (1993) and Hayami and Ogasawara (1999) , it may be argued that the accumulation of human-capitalaugmented labour, which can be gauged by the technical efficiency improvements, was not faster than that of physical capital during the period of analysis in Japan. Results for Singapore are presented in Tables 8 and 9 . The estimated production frontier coefficients for Singapore were again quite plausible and stable, and suggest close to constant returns to scale. In general, the pattern of results is closer to that of Japan than to Hong Kong, although there are some differences. In particular, the output growth rates and estimated input contributions are much greater for Singapore than for Japan. Another difference is that 14 of the TEC signs are negative for 1987-93 (Table 9) , unlike Japan where they were positive in general.
Again, the main conclusion is that input growth has been the major factor in output growth in Singapore's manufacturing sectors.
There is an additional pattern that shows up when one considers shorter time spans of 1-3 years. During the first half of the sample period, technical efficiency changes are largely positive while technological progress estimates are largely negative. This indicates that
Singapore has been employing a human-capital-using bias in technological progress in that period, which is plausible because Singapore had negative growth rates for 1985 and 1986. (Table 10 ). However, it should be noted that the estimated input contributions to growth are positive and large, and in this respect the evidence for South Korea is similar to that for the other three countries. The estimated production frontier coefficients for South Korea were quite plausible and stable, but suggest decreasing returns to scale. 
Discussion
One possible explanation for the different results for Hong Kong, as compared to previous work, is that we have restricted attention to manufacturing. Hong Kong's growth may come not from manufacturing, but from services, particularly finance and international trade. For Singapore, our results are not inconsistent with those of Young (1994) , though we use a very different method.
Our results in general are consistent with those of Kim and Lau (1994) , in emphasizing the role of input growth. In our case, we have focused on manufacturing, and we have not pooled different economies. We do so in the next section, which is more similar in this respect to Kim and Lau's analysis, though they do not allow for observations to be inside the frontier. However, our results do suggest that pooling economies can be problematic, since the results for South Korea stand out as somewhat different from the other economies in this period, and indicate more robust, technology driven manufacturing growth. 
Results: Cross-Country Regressions
One possible criticism of the approach behind the results presented above is that sectors that are too dissimilar are pooled together in estimating the production frontier. To some extent, this criticism can be leveled against any of the dozens of aggregate studies using production functions, as well as those using growth accounting. We offered an interpretation of our manufacturing frontiers in terms of capturing the manner and efficiency of allocation of labor and capital, but it is worth checking an alternative approach to the data. In this section, we group sectors by their nearness in terms of their SIC classifications, with the goal of capturing sectors that are likely to have more similar technologies. In order to have enough degrees of freedom, we have to pool across the four economies (as Kim and Lau did). The frontier approach is perhaps more natural in this case, since it allows for the possibility of varying efficiencies across industries and across the countries.
1) Traditional Sectors
One typically thinks of sectors such as food products and textiles as being traditional sectors that will be emphasized in early stages of development. In the case of industrialized countries, these sectors may actually be protected, and less efficient. One might also expect that the possibilities for technological progress in these sectors would be limited. We grouped together 7 sectors, namely, 311, 313-4 and 312-4 (see Table 1 ) to capture such ideas. Therefore there were 28 observations in this frontier estimation. Results for the time span 1987-93 are presented in Table 12 .
The results again support the role of input growth as the major component of value added growth. While TEC is positive in seven cases, and TP in nine, their sum, or TFPG, is positive in only one case. This indicates slightly fewer positive cases than the results for these sectors in the single country regressions (Tables 5, 7 , 9 and 11); but the results are, on the whole, not inconsistent with the earlier estimates. The estimated frontier has reasonable coefficients, with slightly increasing returns to scale being suggested. 
2) Intermediate Sectors
We use the term "intermediate" to reflect these sectors' place in the SIC categories. In this group, we include wood products (331), furniture (332), paper (341) and printing (342). This group is somewhat heterogeneous in terms of how "traditional" the sectors may be, with printing and publishing, in particular, being somewhat different in nature. However, with this caveat, we present the results in Table 13 for the time span 1987-93.
In the case of this group of sectors, TEC is positive in 14 of 16 cases, but TP is negative in every case, and outweighs TEC in general, so that only two cases of TFPG are estimated. This illustrates the potential value of the decomposition of TFPG, since the results for TFPG are very similar to the previous group of sectors, but the decomposition is quite different. Comparing the results to the individual economy decompositions, we see that they are quite similar, with the exception of Hong Kong. The results for Hong Kong appear to be slightly improved in terms of plausibility, in the pooled-economy estimations.
3) Modern Sectors
This group contains 8 sectors, with SIC numbers 351, 355-6 and 381-5, covering various industrial products in metal and chemical industries. One might expect to find evidence for technological progress in this group of sectors. However, the results presented in Table 14 do not support this conjecture in general. While 20 of the 32 TEC estimates have positive signs, the estimates of technological progress are always negative and fairly large, and, as a result, TFPG is positive in only one case.
Compared to the results for the economy-by-economy regressions, the main difference is in the decomposition for Hong Kong, where the signs of TEC and TP are generally reversed from the previous case. In other cases, the results are fairly consistent.
The general conclusion from this alternative analysis, in which we have grouped roughly similar sectors, is that input growth shows up as a major contributor to value added growth in the manufacturing sectors of these economies; technical efficiency change sometimes seems to be important; and technological progress, measured as a shift in the production frontier, does not seem to be significant over this period. Together with the results of the previous section, these results are consistent with earlier studies such as that of Kim and Lau (1994) , but they are, in a sense, too strong. Since we find technological progress to be negative, the puzzle is why the frontier should be shifting inward according to our estimates. We turn to this issue in our conclusion. 
Conclusion
Unlike earlier studies on TFP growth in East Asian countries, this study has used the varying coefficients frontier framework to measure TFP growth for four Asian economies, Hong Kong, Singapore, South Korea, and Japan. This methodology facilitates decomposing the Solow residual further into two parts: technical efficiency change (output gap or catching up) and technological improvement. This decomposition provides some insight into the analysis of which factor contributed the most to economic growth in these economies.
Our results, while restricted to analysis of 20 manufacturing sectors for the period 1987-93, certainly are consistent with the view that input growth has been the primary source of East Asian growth. We find some evidence for positive technical efficiency change, but little or no support for the role of pure technological progress. In fact, we typically obtain negative estimates for technological change, measured as a shift in the estimated production frontier. In other words, the production frontier appears to shift inward over the period. Since the sectors we analyze were typically growing in terms of value added during the period (as were the economies overall), what we are finding is that inputs were often growing faster than value added. One possible interpretation of our results is that we are picking up a squeeze of margins in manufacturing sectors in this period. This would be consistent with any evidence of improving efficiency as well. Case study evidence may help to refine and further examine this hypothesis. It is also possible that our frontier estimation technique involves some downward bias against measuring shifts in the frontier, though we do not have a specific reason for this. A third possibility is that capital was being over invested in this period, foreshadowing the financial crisis that occurred later in the 1990s. Finally, some business cycle effects may also be at work in biasing our estimates. This is also a conjecture that we intend to examine in our future research.
